de Graaff, J. Comparison of six typing methods for Actinobacillus actinomycetemcomitans.
Actinobacillus actinomycetemcomitans is an important pathogen in the etiology of severe periodontitis. For epidemiological studies on the prevalence of certain pathogenic clones and transmission of this bacterium, adequate typing methods are necessary. The purpose of this study was to compare six different typing methods for A. actinomycetemcomitans. Five reference strains and 27 fresh clinical isolates from periodontitis patients were used. Serotyping showed 12 serotype a strains, 13 type b strains, 6 type c strains, and 1 nontypeable strain. Biotyping on the basis of the fermentation of mannose, mannitol, and xylose resulted in six biotypes. Antibiogram typing was evaluated by measuring the inhibition zones of seven antibiotics in agar diffusion tests. With this method eight main types which could be further differentiated into 15 subtypes were found. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis patterns of outer membrane proteins were similar among all isolates tested. Restriction endonuclease analysis (REA) of whole chromosomal DNA resulted in five main types. These five main types were further differentiated into 24 subtypes on the basis of DNA fragment differences in the high-molecular-weight region. Hybridization of DNA fragments with ribosomal DNA (ribotyping) resulted in 22 to 24 different types, depending on the restriction endonuclease used. Ribotype patterns were easy to interpret and provided an univocal distinction between different strains compared with REA results. When applied to epidemiologically related isolates, all methods were able to discriminate two clonal types among five isolates from five children from one family. We conclude that serotyping, biotyping, and outer membrane patterns were reproducible but had a low discriminatory potential. REA and ribotyping were reproducible and gave the highest number of distinct types. When the DNA typing methods were compared, all strains tested could be distinguished. These findings confirm the heterogeneity found within the species A. actinomycetemcomitans.
Actinobacillus actinomycetemcomitans has been implicated in the etiology of severe periodontitis in juveniles and adults (12, 15) . Current epidemiological questions relate to, among other topics, the number of genetically distinct clones that exist in nature and in individuals, the possible existence of virulent and avirulent strains, and the mode of transmission of this bacterium. The antibiotics mecillinam, methicillin, metronidazole, penicillin, trimethoprim, lincomycin, and bacitracin showed useful differences between the strains and were therefore further evaluated. Strains were inoculated onto Columbia agar plates (BBL), and inhibition zones were measured after 2 days of incubation in air plus 5% CO2. These tests were performed three times in duplicate. Strains differing in inhibition zones of at least two antibiotics were assigned different numbers, and strains that differed for one antibiotic were given a subtype designation.
Outer membrane proteins. Bacteria were grown in brain heart infusion broth, washed in HEPES buffer (100 mM HEPES [N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid], 15 mM MgCl2, 4 mM EDTA, pH 7.2), and lysed with 1% sarcosyl in HEPES buffer. Membrane fragments were isolated after filtration through a 0.45-p.m-pore-size filter by centrifugation for 30 min at 27,000 x g. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of the outer membrane proteins was carried out on the Phastgel System (LKB-Pharmacia).
REA. Total genomic DNA was isolated essentially as described previously (17) . Cells were grown in brain heart infusion broth (Difco), washed in Tris-EDTA-sodium chloride buffer, and lysed with lysozyme, proteinase K, and SDS in the presence of 0.5 p.g of RNase per ml. DNA was purified by phenol-chloroform extractions and ethanol precipitation. Protein patterns. SDS-PAGE patterns of both outer membrane proteins and total protein were evaluated for seven strains belonging to the three serotypes. The patterns obtained were similar for all strains investigated. Therefore, this method was not evaluated any further.
REA of whole chromosomal DNA. REA of whole chromosomal DNA resulted in high numbers of visible bands, with a size range of approximately 2 to 20 kb, for strains of serotypes a and b, respectively ( Fig. 1 and 2 ). Five main types could be distinguished: one main type for serotype a, three main types within serotype b, and one for serotype c ( Table 2 ). The nontypeable strain HG 1186 showed a DNA pattern similar to the main type of the serotype a strains. The five main types were further differentiated into 24 subtypes on the basis of DNA fragment differences in the high-molecular-weight region between approximately 12 and 20 kb. Figure 2 shows the REA patterns of several serotype b strains. Besides the presence of minor differences in the high-molecular-weight region for some strains, this figure shows also that some strains have indistinguishable patterns. (8, 17, 19) , analysis of restriction fragment length polymorphisms with a genomic probe (2, 13) or a panel of probes (7) , ribotyping (1, 11), arbitrary primed PCR (13) , and analyzing restriction fragment length polymorphisms of the spacer region in the rRNA operon (6 With biotyping on the basis of sugar fermentation, 10 different types have been distinguished (14) . In the present study we were unable to differentiate for the fermentation of dextrin. Differences in the fermentation of maltose, mannitol, and xylose resulted in six distinct biotypes. Our finding that all serotype b strains were xylose positive and that all serotype c strains except one were maltose negative is largely in agreement with the findings of Slots et al. (14) .
To our knowledge, antibiogram typing of A. actinomycetemcomitans has not been described earlier. The method showed more heterogeneity compared with serotyping and biotyping but less than the typing methods based on DNA. Typing by means of outer membrane protein pattern has been described for several bacteria. ForA. actinomycetemcomitans outer membrane patterns showed low variation even between the different serotypes, which makes these methods not applicable for typing purposes. This finding is in agreement with the findings of DiRienzo and Spieler (3).
The results of REA typing of whole chromosomal DNA for A. actinomycetemcomitans have been confusing. Whereas van Steenbergen et al. (17) and Han et al. (8) found considerable heterogeneity within the species, Zambon et al. (19) found only three main DNA patterns. In the present investigation we found five main REA types, one for serotypes a and c and three within serotype b. This finding confirms the conclusion that a relatively low number of main REA types exist within the species. On the other hand, we found besides these main types a total of 24 subtypes for the 32 strains tested. A possible explanation for the discrimination between the subtypes in this study is the relatively high resolution of bands in the highmolecular-weight region, where the differences between the subtypes were found. For some strains indistinguishable DNA patterns were obtained, for instance, five strains with type Bi, including laboratory strains Y4 and ATCC 29522, and three fresh isolates. Some of these strains could be further differentiated by antibiogram typing and ribotyping. A disadvantage of REA typing is the large number of bands which have to be compared, which can be difficult in nonadjacent lanes. When a 
